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C. L. FORSLING
To C. L. Fonling, di1·ector of the Inte?·mountain Forest and Range Experiment Stcttion, in 1·ecognition of his leadership and acco-mplishments in erosion
cont1·ol, especially in ?·elation to plant
cover, we, the Utah Foresters are hapP1J
to dedicate this, the fifth volume of the
Utah Juniper.
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EROSION: A CHALLE GE TO AMERICA
C. L. FoRSLlNG
J) irectm·, l 11termmmtain Fm·e"t and Range En>e?'iwent StatiM!
U. S. Fo1·est Senice, Ogden, Utah
Erosion is older than the hills. The sedimentary formations which comprise the bedrock in many localities are composed of materials which were
eroded from earlier uplifts of rock masses and subsequently deposited and
reconsolidated into rock at a lower plane only to be uplifted again and
re-eroded. The hills and mountains have been sculptured by erosion and
the soil on slopes and in valleys i the product of its work. Such outstanding topographic features as the Grand Canyon of the Colorado in Arizona,
the badlands of the Dakotas, the Columbia River gorge in the Northwest
and the Yosemite Valley in California are only a few of the spectacular
examp les of land forms produced by erosion. Mountain ranges and plateaus
have been uplifted on ly to be worn down again to a fraction of their fo1·mer
size. Rock material having a thickness of 18,000 feet has been worn away
from what is now the surface of the Uintah mountain uplift in Utah.
Extensive valleys have been filled with eroded debris to a depth of hundreds
or thousands of feet. Of such is the power of erosion. Gradation, the
tearing down and building up of earth materials is the dominant geological
process of the present, and has gone on throughout the ages and will
continue as long as water runs down hill, the wind rushes over the land
and slopes are in existence. Humanity can be only indil·ectly concerned
with this normal process of leveling down the surface of the ea1·th, because
this kind of eros ion is bound to go on and may be influenced but little by
man.
However, humanity is or should be greatly concerned when erosion is
accelerated in excess of the normal rate, as occurs when the plant cover
is destroyed or altered or the surface soil is disturbed by the over-indulgence
of man and his domestic animals. Fot· the soil, that "slight superficial and
inconstant covering of the earth", is one of the most essential of all the
natural resources upon which the future of our civilization rests. Insofar
as means are available, the soil must be kept in place if agriculture and
the us e of land for forest, range or other purposes is to survive.
everthe Ie s, practically all parts of the United States are confronted by the
process, in greater or lesser degree, of the wa hing by rains or snow water
"from unwisely cleared and unskillfully cui tivated lands, from ove1·grazed
pastures and mnges, and occasionally fn;nn devastated and badly bm·ned
forest lands of the fertile top soil that has required centuries and sometimes vastly longer periods to accumulate." This erosion "not only robs
the uplands of fertility but loads the streams which drain them with silt
and heavier material that clogs irrigation ditches, increases the height of
floods, and permanently ruins much overflowed land."
Already the situation is very serious in parts of the United States as a
few example· will indicate. A high percentage of 20 million acres of bluff
and silt loam upland area in the Missi sippi Valley between N ew Orleans
and St. Paul is being rapidly destroyed. Largely as th'! result of erosion
at least 8% million acres on the piedmont and upper coastal plains ex-

6

THE UTAH JUNIPER

tending from the Potomac into Mississippi have been abandoned for agricultural purposes in the past 20 years and trends indicate that this will
total 12 million acres by 1950. In the Central States farm area, extending
from West Virginia to Kansas and Nebraska, the abandonment of 15
million acres of farm lands in the area of most critical erosion, seems to
be only the beginning of what will follow as this accelerated soil erosion
spreads more widely. The depletion of the vegetation chiefly by overgrazing and fire has greatly impail"ed the protective value of the soil on 80
million acres of semi-arid woodland and brush lands in the western states.
Much of lhe top soil has b en lost from the sagebrush, gras · and the semidesert land in the 173,000,000 acres of remaining open public domain. If
.allowed to continue and :pread this accelerated ero ion cannot help but
reduce much of the productive area of the country to a virtual waste.
In spite of the wide-spread nature of erosion in the United States, we
.as a Nation are doing relatively little about it. The increased interest in
the last few years of foresters, ecologists, soi l scientists, geologists, engineers and others is conduc ive to a better understanding of the problem
and should hasten action for its soluti on. The cro~ion control being undertaken in the emergency con ervation program by the Civilian Conservation
Corps and under the ational Industrial Recovery Act is a manifestation
of the growing interest. However, this greater interest or activity is only
a beginning of what is needed in the way of research, wiser land use, better
land management, revegetation of denuded s lopes and installation of control structures adequately to cope with the problem. The public at large
and the user of the soil must become more erosion-1ninded.
There appear to be a number of reasons to account for the la ck of a
more aggressive attitude toward the eros ion problem. One is the youthfulness of our Nation. Only a relatively small part of the country has
been farmed as much as two hundred fifty years. It is only about one
hundred fifty years since the land between the Appalachian Mountains and
the Missouri River was fir t settled and 90 years since the West first
began to be farmed. These periods have been too short, ven when aided
by modern science during the last few decades, to develop a practice of
agriculture and use that will best meet the requirements of the land. The
struggle incident to conquering the wilderness left but little time to the
pioneer for the earnest consideration of safeguarding the soil for the future.
Lack of a sound basis for judging the potential productive capacity of
land and inexperience in the e lection of areas for new homes led to the
clearing and cultivation of much land incapable of supporting a family on
an adequate basis. Many of these marginal lands subsequ ently were
abandoned to erosion and the families moved on to other areas. Everything
appeared to be so abundant and primitively fertile that conservation
measures were not pressing. To the pioneers the large area of rich farm
land and the vast forest supp ly seemed inexhaustible. There was little
immediate need to them for the prevention of e1·osion. There may be an
excuse for the pioneer in the beginning to exploit some of the resources in
order to establish a home. Unfortunately the idea of explo itation became
fixed as a tradition that is being handed down far beyond the day of the
wilderness and is proving a hindrance to more rapid action in the conservation of the land resources.
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Many phase of the economic and political set up are, or have been, such
as not to encourage regard for soil protection. The situation with respect
to timber lands has been such that it was more profitable for the owner
"to cut out and get out" taking from the land everything he could se ll and
leaving it in a devastated condition. The long time required to grow a
timber crop, the expense and risk involved in carrying the land from one
yield period to another and the supposed availability of inexhaustible stands
of virgin timber, encouraged operators to harvest the standing crop on
one tract and move on to another. There has been some tendency similarly
to exploit fat·m and range lands. The present operator, in such cases,
espec ially if his children have left the farm, could see but little advantage
in incurring the expense of husba nding the land for future generations so
long as it was capable of yielding a profit during his life time. Society
thus far has not seen fit to regulate private land for future u e.

De nuded slopes from which soil is being J'apidly removed by gully and s heet e ros ion.
Th e gullies have been dammed and the slopes tenaeed and ditched in attempt to hold the
soil until vegetation becomes reestabli shed.

The magnitude of the natural erosion pTocess, to some extent at least,
has tended to confuse and hinder the recognition of accelerated erosion.
Hasty analysis might easily lead to the conclusion that the mere removal
of plant cover could have little if any influence on a force capable of wearing down mountains and filling deep valleys, and therefore, that the washing of soil on a slope that had been more or less denuded of vegetation was
only a manifestation of normal geologic erosion. This is not borne out by
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more careful study. The gradation of the earth's surface is a process that
requires ages to perform. The erosion following depletion of plant cover
or other disturbance of nonnal conditions by human action is insignificant
as compared to the mass movement by erosion throughout a geological
epoch or period. In fact the sudd en complete removal of the relatively
thin soil mantle which covers most slopes would make comparatively little
difference insofar as the present 1·elief of the land is concerned. Nevertheless the soil has played an important part in normal erosion which has
been materially influenced by vegetation.
It is recognized that plant cover plays an important part in the natural
geologic processes both in the formation and the retention of soil. The
natural tendency on a mountain slope, for example, is for run-off and wind
to carry away the fine and leave only the coarse soil material. The plants
which become establi shed serve to bind the soi l and by contributing organic
matter and acting as a physical barrier to run-off which increase penetration of rain and snow water thereby reducing soil erosion. The accumulated
soil and improved conditions for retaining moisture make way for more
vegetation until eventually the maximum cover for the existing climate is
attained. Thus the establishment and maintenance of plant cover and soilbuilding are reciprocal processes. Under a given set of physical conditions
capable of supporting a plant cover, the tendency is for soi l to be formed
through the decay of the underlying bedrock slightly faster than it is removed by normal erosion. The present soil mantle is the result of the
operation of this process over a long period of years, and so long as rock
decay keeps pace with removal, degradation of the slope takes place without apparent diminution of the soil mantle or appreciable effect on the
plant cover. The process is so slow that change is imperceptible. However,
if the effectiveness of the plant cover for holding the soil is reduced and
removal begins to take place faster than soil formation, it can only be a
matter of time until the top soil is canied away. Each tree, shrub, tuft
of grass or other plant contributes its part in maintaining in place that
quantity of soi l it or its predecessor has helped to accumulate. The removal of that plant, in the absence of replacement by another will result
in the freeing to erosion the quantity of soil it formerly held. The removal
of a limited portion of the plant cover under some conditions does not
influence erosion materially but beyond a certain point accelerated erosion
of consequence is bound to set in.
The variation in one locality as compared to another in the rate of both
normal and accelerated erosion on account of differences in geological
format ion , characte1· of soil, topographic features, conditions of climate
and plant cover, sometimes tends to obscure the value of plant cover in
preventing more rapid erosion . The effect of vegetation in preventing
accelerated erosion is most readily observed in the places where conditions
favor a heavy cover of vegetation. 'l'he most stable conditions are found
in dense forest with deep litter. The other extreme is to be found in parts
of the Southwest where the ave1·age ann ual rainfall i low but erratic,
often occurring in heavy downpours of short durati on and the earth mantle
in places is highly susceptible to erosion. Under these conditions normal
erosion proceeds at a rapid rate. Even in these localities, what vegetation
(Continued on page 34)
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PLANT COVER I N RELATION TO FLOODS AND WATERSHED
PROTECTION

R. J.

BECRAFT

Associate Professo?' of Range Management, Utah State
Agricultw·al College and Experiment Station
Beginning in 1930 with C. L. Forsling and R. W. Bailey a study of recent
Utah floods and their causes, the writer approached the problem in an
entirely open frame of mind- wondering as to the actual power of the
"cloudburst," the ability of our mountain vegetation to hold back these
violent storms, and the extent to which ledges contribute to floods. The
unusual display of floods in Utah, particularly in 1930, afforded excellent
opportunity for study of these problems.
At the outset, it should be noted that there are floods and floods. Indeed,
a minor and inconsequential dumping of debris by a freshet has received
attention along with major floods.
onversely, investigation occasioned by
a letter reporting gravel in the village irrigation ditch revealed a drainage
with a huge mud-rock-flow and exceptionally deep channeling. Reasonable
appraisal of proportions may explain away some decided differences of
opi nion on floods.
As majo1· factors of soil erosion and floods are listed: 1. precipitation,
2. topography, 3. soil conditions, 4. vegetation. For comparison with the
plant problem brief discussion of the other factors is also included.
The customary thrust, "It takes rainfall to make a flood," does not properly conclude consideration of this factor, altho some persons who indulge
so may regard the "cloudburst" as a supernatural "tipping of the bucket."
More seriously we may well wonder that the air currents cool with rapidity
sufficient to condense vapor at s uch a rate. However, it is unfortunate that
o few rain-gauge records are available f01: areas of flood o1·igin in Utah.
Thus restricted to the method of comparing relative gullying on comparable
slope., we observed that the mountain storms appeared no more intense
than those of the foothills near valley stations, records of which show
storms totalling 1.5 inches. Forsling reports as to amount and rate of rainstorms at the Great Basin Experiment Station in Ephraim Canyon, that
storms totalling 0.5 inch and with a maximum rate of 0.05 inch per minute
produced serious run-off and erosion on slopes of an experimental area having a sparse plant cover. 1 Such storms have occurred several times in the
15 years of record. It i likely, therefore, that our serious floods of recent
years may have been caused by storms no more severe than those recorded
at valley stations. However, it is essential that records of amount and rate
of rainfall be obtained for other flood areas in the state.
That the steep topography of our mountains in Utah is conducive to
rapid run-off following storms is self-evident. In certain Davis County
canyons the gradient from summit to valley floor averaged 20 per cent,
while individual slopes measured as steep as 75 per cent. Se1·ious floods also
originated on drainages of low gradient, as near ilver City, and on part
of Willow Creek, Price River.
'U. S. D. A. Technical Bulletin 220.
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(Coto·tesy of the Utllh Agricultural Experiment Station.)

Steep slope, showing evidence of heavy runoff from the denuded areas and th e l'elat.i' e
runoff fJ·om partially denuded and brush cover l areas...

That soils originating from different types of rock vary in their tendency
to erode is also recognized. Of importance, likewise, is the problem of exposed rock surfaces having little or no soil cover. These usually have a
talus slope below, which being of rather coarse material absorbs the run-off.
A notable exception was at Devil's Gate in Webe1· Canyon where the terrific
1930 flood originated on ledges having only short talus slopes below which
were swept down as part of the flood debris. It is of major s ignificance,
however, that the rock outcrops in most cases did not contribute materiall y
to the flood streams.
The plant factor is somewhat complicated . Utah includes a wide variation
of plant zones: southwestern desert scrub, northern desert scrub, foothill
woodland and brush, montane and sub-alpine forests, and arctic-alpine meadows. These are represented by a wide gamut of plant types and plant
densities. That the desert areas and sparsely clothed drier slopes should
yield rapid run-off from violent summer storms is not surprising. Our
mountains, in the main, receive a greater annual precipitation and support
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a denser vegetation, which cannot be regarded as desert type. Singularly
enough, the greater part of the recent floods in Utah has originated on the
mountain slopes in the montane and sub-alpine zones.
The relationship of plant den ity to run-off is striking, indeed. Origins
of floods were located by following up the .flood channels, for the fresh gullies bear evidence to the r elative violence of the run-off. Without exception
the origin of the floods was found to be on areas having sparse plant cover,
and in no case did well vegetated slopes having a good surface cover of plant
litter show marks of heavy run-off.
In several instances, illustrated by Davis ounty, the "bare spots" were
interspersed with areas of denser vegetation, the different densiti s so intermixed that they minimized any local variation in p1·ecipitation. Comparison
of the relative run-off contributed by these different plant densities afforded
convincing evidence of the value of plant cover in reducing run-off.
The structure of an effective plant cover viewed in profile reveals the
explanation o£ its protective values. Some portwn of the rainfall is intercepted by the aerial parts of the plants, be they herbs, shrubs or trees. The
plant litter which is an accumulation of the annual addition of dead leaves
and stems is loose in structure and has high water-absorptive capacity. The
lower layers of litter decay progressively to produce a rich humus, which
is also loose and absorbent. The top-soil or humus-stained layer is occupied
in great part by plant roots; when covered by plant litter the top-soil also
retains a loose structure into which water percolates readily to fill the pores
and enter the subsoil. Such a profile affords optimal conditions for percolation and retention of water. In addition, the surplus of rainfall which
flows away as surface run-off is retarded in its flow and kept spread out
instead of concentrating into streamlets.
In contrast an area devoid of vegetation offers little protection, indeed.
The soil, exposed, is usually hard and dry, which tends to clog t he pores
and prevent percolation of water, and the water-retaining power is low. A
large part of the rainfall flows away, unobstructed, as surface run-off, and
forms streamlets which may rapidly converge to produce a flood. These
contrasting values of plant cover and bare soil are 1·eadily understood.
A point in question has been the origin of the "bare spots," which suggests
at once the problem of the origin of soil and plant cover. With the growth
of our mountains in past geologic ages came the mutual development of
soil and plant cover; soil accumulation exceeded soil removal, and coincidently plants established and have helped hold the soil in place as well as
enriching it-the process of plant succession. Gradually through the years
has developed the highest p lant type that the given climatic conditions will
support-the climax type. Reconstruction of a climax type reveals plant
species, litter and top-soil, possibly fragmentary, but with care capable of
accomplishment even near the "bare spots." Where plants, litter and humus
layer have been 1·emoved, the extent of depletion as shown by remnant
hummocks is startling, indeed, and the mineral soil supports instead a cover
of certain annuals and perennials that are adapted to raw soil. The effect
of intensive grazing use may be revealed by the near absence of palatable
forage plants and the relative abundance of species showing an advantage
in plant competition by reason of their low palatability. Combined, these
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criteria explain the development of the "bare spots"; that subsoil could
have developed directly from native rock is not logical.
From the above discussion and other considerations it seems obvious that
our citizens shou ld "take stock" of the condition of plant cover on our mountain slopes-the one factor in the erosion and flood problem over which man
can exert influence. Various economic considerations are involved. Extensive damage has reached highways, canals, railroads, farms and homes,
and human lives have been lost. Yet, the damage to valley property is
probably small compared to lhe loss of soil and plant cover on the mountain
slopes, which includes: 1. a great economic loss in reduced forage for livestock, and 2. probable furthe1· flood damage. This economic loss will continue for an extended time, for nature cannot replace at once fertile soil and
valued plants on areas sadly depleted. Interest should extend also to timber
reproduction and possibly most of all to water supply.
The attitude of the water-users toward our mountain lands is interesting.
Actually, human occupancy of the arid West is dependent on and limited by
water supply; hence the point is raised that our watersheds may have their
greatest value in water yield. The effect on water yield of plant depletion
by fires and intensive grazing use is worthy of serious study, which must
involve ownership as well as management problems.
The bright light of this pictu1·e is that the plant cover can be improved.
With prevention of fires, protection of plant cover, proper management of
grazing, reseeding, conditions may be improved. Meanwhile engineering
structures at the canyon mouths and on the watershed areas where floods
have originated will reduce the flood damage. But permanent economic
safety can be attained only b;~-· restoring adequate soil and plant cover on the
watersheds. The increase of vegetation in and near Ephraim and Manti
Canyons and the resultant decrease in floods constitute a most encouraging
example.
Seemingly, geologists, soil scientists, botanists, engineers, water directors,
farmers-in fact, thinking citizens-agree in general that plant cover is an
important factor in relation to erosion. But many still regard the "cloudburst" as a phenomenon and the flood as an "act of God." It would be helpful to realize that watershed protection in the main means protection of the
plant cover.
- - - U.J . - - Approximately 35,718,434 persons visited the National Forests during the
year 1933.
- - - U . J .- - The area of the National Forests on June 30, 1933, was 162,009,145 acres.
- - - - U.J . - - - A total of 474,910,000 board feet of timber was cut from National Forest
land during 1933, of which 5,296,000 was from Utah.
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THE EROSION-STREAMFLOW A D RANGE SITUATION
0 THE BOI E RIVER WATERSHED
GEORGE

W.

CRADDOCK, JR.

Intermountain Fo1·es t ancl Range E xpe1-iment Station
U. S. Fo1·est Se1·vice, Ogden, Utah
The Boise River watershed in south central Idaho is one of the most
important forest and range areas in the Intermountain Region . It not only
. upports a valuable stand of saw timber and furnishes summer grazing for
a large number of domestic livestock but, of greater s ignificance, the river
discharge from this area makes possible the practice of intens ive irrigation
agriculture on 350,000 acres of some of the most productive farm land in
Idaho. To secure the fullest possible use of the streamflow for this purpose,
nearly $55,000,000 have been invested in land, Arrowrock Dam, canals, and
other irrigation developments in Boise Valley. This is equivalent to an
investment of about $32.00 in each of the 1,700,000 acres of the watershP.d.
Due Lo past overgrazing and fire, th original, perennial herbaceous
vegetation on critical portions of the watershed has been replaced by annual
plants which are not only inferior as range forage but which are particularly
inefficient for regulating run-off and holding in place the highly erosive
granite soil that characterizes this drainage system. Directly and indirectly
as a result of this change in the vegetative cover, abnormal erosion is now
occurring on the watershed, and enormous quantities of erosion debris are
being washed into the costly water development structures in Boise Valley.
Moreover, irregularities, which may or may not have been due to fluctuations in climate, have developed in the discharge of Boise River, causing
shortages of irrigation water and thus jeopardizing crop production on the
valley farms. Furthermore, the reduced carrying capacity of the range,
as a result of the change in plant cover and productive capacity of the soil,
has necessitated nearly a 50 percent reduction in the number of sheep
allowed on the area.
The Erosion Situation
There is much evidence of accelerated erosion on the slopes as well as in
the canyon bottoms of the watershed, especially at the lower elevations and
on areas that are now supporting a sparse cover of vegetation. On the
upper portions of slopes it is common to find crowns of old plants elevated
as much as eight inches above the surrounding soil surface while on the
lower portions of slopes terraced accumulations of coarse soil can be observed behind almost every clump of vegetation, rock outcrop and other
mechanical obstacles. Because so much of the dark, mellow soil has been
removed from between the clumps of vegetation as a result of this sheet
erosion the exposed raw soil now offers little resistence to further movement
by water. Consequently, on these same slopes it is not uncommon to find,
immediately after heavy rains, gullies of from one to several inches in width
and depth, and spaced at less than one foot intervals. Because of the looseness of the sandy soil, the steepne s of slope, and trampling by livestock
and game these gullies may be obliterated in a few weeks or months. However, many of these minor g ullies have b een cut so deeply that they have
not healed immediately but, instead, have enlarged into deep, vertical walled
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channels in the canyon bottoms. In some of the tributaries to the South
Fork, for example, these gullies are cut to depths of from five to 15 feet and
to widths of five to 20 feet in the old drainage passages.
The extent of erosion and the loss of top soil and soil fertility is appalling.
A careful survey over nearly 400,000 acres of the watershed revealed that
accelerated erosion is occurring on 62 per cent of the at·ea examined. Moreover, on 10 of this 62 per cent of the area, erosion is in the form of distinct
gullies that are not readily healed. Although it has been impossible to get
direct measures of the amount of soil that has been actually removed
beyond the fact that old clumps of vegetation now protrude from four to
eight inches above the general surface, it does appear significant that the
physical and chemical properties of the surface soil over extensive eroded
areas corresponds almost exactly to the 10 to 20 inch horizons that underlay the surface soil on uneroded sites. In other words, it is necessary to
remove from 10 to 20 inches of the surface soil on uneroded areas to reach
a substrata that is comparable to the surface layer of soil that is now found
on the eroded situations. Regardless of whether there has been an actual
loss of from 10 to 20 inrhes of surface material, the fact remains that over
the eroded areas as a whole the surface soil at the present time contains
less than 20 per cent as much organic matter, only 33 per cent as much
nitrogen, and has only half the water holding capacity of the surface soil
on uneroded areas. Because of this loss in fertility, the recoYery of the original perennial vegetation is proceeding very slowly.
As a corollary of erosion on this critical portion of the watershed, there
is equally striking evidence o:f abnormal silting. At the mouth of small
drainage areas of less than an acre in extent it is common to observe fresh
alluvial fans of over a foot in depth and from 10 to 20 feet in length and
width. In the bottom of minor drainages, deposits vary from a few to many
feet in depth and width. Following storms and the melting of snow in the
spring, strips of raw silt are left on the lips of channels, often in such
amounts that sagebrush and willows are buried.
The most striking evidence of abnormal silting, however, is the amount
of material that has accumulated in Arrowrock Reservoir, in the river channel below Arrowrock Dam, and in the vicinity of the diversion dam situat-zd
several miles down stream. Although provision was made for flushing
Arrowrock Reservoir each fall, it has been impossible to remove all the silt
that is deposited each year at the mouth of such tributaries as Grouse and
Willow Creeks and as a consequence its efficiency for storage is being
impaired. The t·iver channel below Arrowrock Dam and the basin behind
the diversion dam is choked with fresh deposits to such an extent that E-ach
year large quantities of raw sand are sluiced into the irrigation channels
and out on the fertile farm lands. Because the tail race of the diversion dam
and the river channel immediately below it is also filled with si lt, the efficiency of the power plant connected with this dam has been reduced 25
per cent.
The Streamflow Situation
In recent years, on the average, the \'Olume of river discharge from this
drainage system has been materially reduced and the peak of spring run-off
has come earlier and with an accentuated peak. During the period 1930-1933,
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The remnant of a typical s ilt depo~it that accumulates annually in Arrowrock reservo ir
at the mouth of one of several minor tributaries.

for example, the total annual discharg-e was 1,451,000 acre feet, or 33 per
cent below the 31-year average. Under normal conditions of spring and
summer run-off the volume of Boise River could drop to 50 per cent and
still meet irrigation requirements since that much of a safety margin was
allowed in the development of the irrigation project. However, because there
has been a tendency in most years for the spring run-off to reach an
accentuated peak about 10 days earlier than average, the reservoirs have
filled to over flowing prior to the time when this surplus water could be
used for irrigation. Furthermore, because stream-flow has fallen so suddenly after the spring peak, it has been necessary to draw on the stored
water to meet irrigation requirements as much as two weeks in advance
of normal. This early withdrawal of stored water, coupled with deficient
summer flow, has resulted in shortage. of irrigation water toward the end
of the growing season on at least parts of the irrigation districts in four
of the last five years.
Although climate doubtless has been a factor in these irregularities, it
is conceivable that the distinct alteration of the vegetation and soil which
has taken place over much of the watershed in recent years, may al,:o have
a bearing on streamflow by influencing the time and rate snow melts in
the spring and the extent to which this water reaches the river channels
either quickly as surface run-off or slowly after percolating through the
soil. The specific influence of vegetation in regulating run-off and streamflow can only be determined through further studies which are now under
way.
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The Range Situation
In addition to an erosion and streamflow problem a serious range situation
also exists on the watershed. Over extensive areas such choice forage species
as blue-bunch wheatgrass ( Ag1·opy1·on S1Jicatwn) and Idaho fescue (Festuca
idahoensis), which cure well and furnish good fresh feed during the entire
summer season, have been almost entirely replaced by cheatgrass (B1·omus
tectorum) and other annuals which are of value as forage for only a few
weeks in the early summer while green. The limited usefulness of this
annual type of vegetation and the scarcity of the better forage plants have
a direct bearing on t.he range livestock industry in this region, since most
producers require summer range for from three to five months in order
to round out the year-long .feed supply of their animals. At one time, over
150,000 sheep used this area in connection with the operation of commensurate ranch property in the valleys. Although less than 80,000 sheep are
now permitted, rehabilitation of the original vegetative cover is proceeding
so slowly that further adjustments may be necessary to hasten recoverynotwithgtanding the fact that further limitations on the usc of the range
means a corresponding handicap to range livestock activities in the adjacent
communities.
The present depleted condition of the range is not only a hazard to the
local livestock interests, but it also constitutes a serious menace from a
watershed point of view. Recent studies show that the annual type of vegetation now found on so much of the range area i only five per cent as
effective in controlling erosion during storms of cloudburst proportions as
the displaced perennial bunch grass. Whereas in these test. less than 0.2
tons per acre of soil were removed from areas supporting a vigorous growth
of bunch grasses and other perennial herbaceous vegetation, over four tons
were removed from areas of comparable soil and slope that were supporting
only annual vegetation. Inasmuch as there are several hundred thousand
acres on the watershed that are now only sparsely covered with annual
weeds and grasses, the amount of soil that is moved toward Arrowrock
Dam during times of storm can readily be appreciated.
Recognizing the seriousness of the situation, the Forest Service is endeavoring, by admini trative action and research, to restore the efficiency
of this important range-watershed area. Numbers of stock and the periods
of use have already been materially reduced, but, because so much of the
fertile soil has been washed away and because plants that made up the
original cover now occur so sparingly on widespread and critical areas, the
rate of improvement is proceeding very slowly. Accordingly, intensive
studies are now being conducted to determine the specific influence of different types of vegetation on run-off and erosion, the degree to which
these types can be grazer! without impairing their efficiency in controlling
and regulating run-off, and ways and means of hastening restoration of the
vegetation.
---U.J.--Utah farmers have planted more than 140,000 small forest trees for windbreak and woodlot purposes during the period 1930-34.-Report of Extenion Forester.
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PROBLEM S l 1 CONTROL OF ERO SION AND FLOODS IN UTA H
REED W. BAILEY

Associate Professor of Geology, U . S. A . C., Logan, Utah.
Conse?-vationist, U. S. Forest Service, Ogden, Utah.
Erosion a nd f loods in U t ah h ave in recent years assumed seriou s proport ions and the Emergency Conservation Work program afforded an opport unity for undertaking some much needed control work. Because of their
wide-spread occurrence. under varied topographic, geologic and climatic
situations, the programs of control differ greatly in the several sectioPs of
the state. In selecting projects for the state CCC camps assigned to Utah to
do work of this kind in the summer of 1933, areas were chosen that presented a number of specific problems typical of a considerable area. However, it was found that each erosion area chosen for control work, whether
valley or watershed, or even a single slope on a watershed, must be analyzed
individually on the ground in order to plan the type and location of coutro l
works best Huited to it. Set engineering plans will not necessari ly meet thP
needs of any two areas. There are certain facts, however, basic to the
erosion and flood problems, a knowledge of which will aid greatly in understanding the factors and processes involved, and which are necessary• in
undertaking an adequate program of erosion control. Among these are the
processes and factors in soil formation and maintenance, the nature and
causes of the changes that are taking place in the soil and plant cover,
and the principles involved in soil erosion.
Upper Kanab Creek
The valley of Upper Kanab Creek is representative of many Yalleys in
,;outhern and eastern Utah. Here well-aggraded valleys, deeply filled with
fine sand and clays, in which settlements were made and the lands used for
agricultural and grazing purposes, have subsequently been ehanneled by
accelerated run-off from torrential storm s of summer and the melting r-; nows
of spring, and from unwise u se of irrigation water.
When the pioneers came to the Kanab Creek section, meadows, lakes,
and willow patches covered the flat valley through which flowed a shallow
stream of clear water. The water was diverted to the adjacent lands for
irrigation purposes by means of small earth and willow dams. Today, in
many places, this valley is traversed by a channel one hundred feet deep
carved into the unconsolidated si lt and sand of the valley fill. In order to
irrigate the same land it has been necessary to build a dam eighty-five feet
in height. The meadows and lakes have been drained and sage-brush has
replaced, even to the borders of the precipitous banks of the new channel,
the former more desirable vegetation.
The alluvium in the valleys of this area is made up of sands and clays
inter. tratified with horizons of humic soil and in places beds of peat which
indicate periods of Jon~ quiescence in the aggrading process. This fill i11
the product of , tream deposition and plant accumulation over a long period
of lhc immediate past. Because of the low declivity of the valleys and the
vegetation -..vhich grew abundantly over the flat and along the water
cour es, streams were aggrading, and even floods whirh originated on
rocky ledges along the r ims of the valleys and from tributaries draining
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barren areas, were made to spread and deposit theh load of sand and clay
over the entire width of the plain. In this manner the valley floors were
built up.
The changes that have taken place are common to a la1·ge area of the
plateau country and have come about largely as a result of the utilization
of the area by man. The destruction of the vegetation along the streams
and over other parts of the valleys by overgrazing and plowing; the marking out of wagon roads and trails along the valley courses; and the plowing
of irrigation ditches, allowed and actually produced a concentration of runoff that changed fluvial processes from aggrading to degrading.
Breaks in the loose valley-fill, when once produced, develop by headward
erosion back through the flats. Tributary gully systems form wherever
lateral drainage enters the main wash. These gullies proceed up the valleys
by a number of heads, each lengthening and widening and taking its toll
of alluvium. As a result of this kind of erosion, much agricultural and
grazing land has been destl·oyed and villages and ranches abandoned.

Johnson Was h-Southern Utah.

Valley filled with alluvium deeply channeled .

In a number of the valleys erosion has ah·eady removed most of the
alluvium and control work here would be of little value. In other places,
such as the Upper Kanab Valley, a large part is still intact but gullies and
washes are working their way into them. Unless artificial control works
are constructed to prevent the lengthening and widening of these gullies,
the whole valley will be rendered useless . It was to work out a solution to
this phase of the erosion problem that a CCC camp was established near
Alton on Upper Kanab Creek.
The newly eroded and actively lengthening channels of Upper Kanab
Creek are narrow and deeply trenched and in most instances have vertical
side banks and gully heads . At these precipitous heads, cutting and washing are most active. Here the surface drainage enters the channel over a
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steep bank, which is perpetuated by the increased erosion in the loose sediments at the bottom of the gully due in part to the impact of the falEng
water over the brink and in part to the loosening and softening effects of
the ground water which, if present, enters the channel at the base of the
gully h ead.
The measures adopted in checking this type of erosion were des igned to
control and direct the surface drainage, whether from storms or irrigation
water. Structures were built to prevent the water from entering the gullies
except at pre-selected and protected places. These consisted either of large
check dams or drops, with well constructed side walls and aprons, placed at
the heads of the gullies to convey the normal stream flow and flood waters
from the brink to the bottom of the wash without eroding, or diversion
structures to prevent the water from entering the gullies except at protected places. The diversion structures consisted, in some cases, of dikes
arranged in eschelon to direct the water away from the easily eroded banks
and out over the flats, or of shallow low gradient ditches paralleling the
gullies to prevent any water from going over the brink and to direct its
flow. The diverted drainage was collected farther down the valley and
made to enter the main gully over a constructed chute or flume.
A few dams were built of s uffici ent height to store silt and r es tore the
channeled flats. This, however, presupposes the continuation of erosion
farther up the valley from which the si lt will be derived.
In most cases it seems best to arrest erosion in the gullies and allow the
bank to weather to an angle of stability, a process which can, in many
places, be speeded up by blasting down the banks and planting willows or
other appt·opriate vegetation on the channel slopes.
Escalante River Drainage
Another camp was established on the Escalante River drainage a few
miles above the town of E scalante to cope with the problem of the "big
wash" which has developed and is slowly widening and eating away the
adjacent farmland. The Escalante is a large drainage covering hundreds
of square miles from which s umm er f loods have been increasing in number
and destructiveness in recent years. The flood waters originate on the
denuded and poorly vegetated parts of the watersheds and carry large
quantities of mud and other debri down the channels, cutting away the
banks, destroying irrigation diversion works, canals, and bridges. Sometimes floods from various tributaries of the drainage are synchronized, so
as to cau e extreme floods in the main tl·eam, at which tim e the damage
is incr:ea eel. The work undertaken on this stream was for the purpose of
checking the force of the floods and lessening the damage to lands and the
structures necessary to the maintenance of the community.
Three classes of work were undertaken: One class consisted of the building of check dams in the smaller gullies or valleys which are tributary to
the bigwash, to determine the effectiveness of these small dams in lessening
the force of the floods and in checking the removal of the alluvium. The
second clas of work included the construction with rock, brush and small
trees of revetments for the protection of channel banks against cutting by
the flood waters. The third project consisted of a large dam twenty feet
high with spillway through solid rock, built across the recently eroded main
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channel. The purpose of this dam was to check the velocity and spread
the flood water, catch the f lood debris and f uxnish a road crossing and
permanent irrigation diversion works.
The flood channel in the locality where this work was done is underlain
with deep alluvium saturated with water. The scouTing action of the floods
into this alluvium is great, making the task of placing pi1ing for bridges
or foundations for dams very difficult. The floods undermine the piling
and the rush of debris and water over the dam cuts deeply into the alluvium
at its toe. With the complete damming of the channel and the diversion of
the floods over solid rock this difficulty will probably be eliminated.
Wasatch Mountains
Three areas for work by the camps were selected in the Wasatch
Mountains of northern Utah. The problems on these differ widely from
those in the Southwest, but represent conditions existing in many steep
mountain areas, not only in Utah but throughout the Intermountain Region.
The situation in these areas can be summarized as fo llows: 1. The watersheds are steep with high gradient channels. 2. The watershed areas
originally were, for the most part, well covered with soil and vegetation.
3. Certain areas on the upper part of the watersheds have been recently
depleted of vegetation. 4. Heavy run-off from the bare areas during torrential storms has produced extensive sheet and gully erosion. 5. Due to lack
of vegetation and the newly developed system of g ullies on those areas,
run-off has become accelerated, giving rise to devastating f loods. 6. Canyons
d1·aining these watersheds open out upon a valley floor or plain upon which
the floods spread boulders, gravel and mud, doing much damage to settlements, farming lands, highways, railroads and irrigation works.
The aim in these three areas was to attack the problem both on the
watershed where flood waters accumulate and excessive et·osion was taking
place and at the mouths of the canyons. Check dams, terraces and run-off
control ditches were constructed on the watersheds for the purpose of
checking 1·un-off and erosion, and the areas were sown to grasses to facilitate revegetation. Fairly large structures were built at the mouths of the
canyons to control the debris brought down by floods.
A consideration of how the soil was formed, and how erosion has taken
place is of importance in planning erosion control on the slopes of watersheds. The soil has been formed and caused to accumulate through the
operation of various factors important among which are rock formation,
slope, climate and plant cover. The soil itself wa s derived through the ages
largely from weathering of the rock of the area and the accumulation of
decayed plant material. The vegetation played a most important part not
only by contributing material directly to the soil but also by helping hold
the soil in place on the slopes. Without this stabilizing effect soil could
not have accumulated on many of the slopes because it would have been
carried away by water and wind a s rapidly as it formed. Under the climatic
conditions of the locality, and on s uch steep slopes, the relation between the
stabilizing effect of the vegetation on the soil and the tendency to erode
constitutes a delicate balance. In xecent years this balance was destroyed
by the depletion of the plant cover which has resulted in accelerated soil
erosion and floods .
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The soil is being removed from the slopes and basins of the watersheds
by means of sheet and gull y erosion. In t i mes of heavy rainfall, followin g
the destruction of the vegetation, the water often runs off the slopes in
sheets, carrying with it the finer soil materials. This generally constitutes
an early stage in soil erosion, but under certain conditions, determined
larg ly by soil texture and topography of slope, the soil may be completely
removed by sheet erosion, leaving bare rock or coarse talus.
U der most conditions, however, gul lies develop in the early stages, continue through out the period of denudation and constitute th e dominant
proc ss of soi l erosio n. In the early phases of development, parallel gullies
• often streak the mountain side, but as they widen and deepen they form
into a dendt·itic system of channels which produce maximum drainage and
erosion.
AI hough the gullies and channels on these steep watersheds usually
are started by the run-off as it ru shes down the slopes of the barren areas,
once they are started, deepening takes place mainly by headwarct cutting.
A profile of a gully bottom s hows a series of falls resulting from unequal
erosion. Deepening of the gully goes on mo t rapidly at lhese points as
the falls or drops recede up the channel. The deepening section of a gully
generally begins near the lower edge of the sideh ill s lope or basin, Ol' where
the slope gradient changes abruptly. Gully widening is accomplished principally by side cutting and caving of the banks as downward cutting goes
on. Side cutting ordinarily is mo t rapid at the bends where the water is
forced against the outer bank.
Restoration of a plant cover comparable to the orig inal vegetation is
fundamental to the permanency of eros ion control on lhc slopes and lhe
watersheds. The purpose of all the works constructed on the erosion ar~>as
was to help check surface run-off and soil erosion until the vegetation
reclaims the denud ed mantle and r e-es tablishes the balance that made
possi ble the accumulation and maintenance of the soil. The aim of the
control works, consisting of dams of various design and material, ditches
and tenaces, is to aid in the stabilization of the soil on the s lopes. This
will be done by keeping storm run-off spread out, by checking its progress
down the slopes and by preventing further erosion in the gullies, which,
it is expected, will have the effect of lessening the volume and velocity of
the run-off and increase seepage into the ground. The increased absorption
of water by the soil will aid further by promoting plant growth.
Variou areas were selected on which to test the several methods of
control. The locati on and description of the structures were recorded and
a careful check up will be made of their effectiveness.
The following erosion control methods were used: 1. Contour ditches or
terraces constructed at various intel'Vals on th e slopes to reduce surface
run-off. 2. Contour ditches in combination with gradient ditches-the
latter spaced at different intervals to carry the run-off which might get
by the terraces, to predetermined drainage channels. 3. Erosion control
by check-damming the gullies, only.
The ideal contour ditch for these steep sideh ills is one that most nearly
approaches a terrace in cross section. The ditch should be made shallow
with the up-slope. The excavated material should be placed on the down-
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slope bank. A ditch with this cross section will allow for a minimum of
erosion on the up-slope bank, and will not fill with soil so readily as one
with steep banks.
The distance between contour ditches, to give the best results with a
minimum cost, was not determined, but it is hoped that sufficient variation
in spacing was tried out to yield valuable information as they are tested
by storms in the future. The factors involved in the problem of spacing
and size of contour ditches are so numerous, involving gradient of slope,
soil, vegetation, intensity and amount of rainfall, etc. that it was thought
experimental methods would yield results that would be afer to follow
than would calculation alone.
If the contour ditches are not of sufficient capacity to check and hold
the bulk of the run-off which comes to them, they may be expected to become the means of concentrating the run-off into a destructive stream
down the slope and thus accelerate erosion and increase run-off instead of
checking them. As a further precaution against this danger, the contour
(Continued on page 38)

A detail of a controlled slope on which the gradient." reaC'h 73 per rent. (B) I'Cpresents
terraces or contour ditches built across the smaller gu1lies lo prevent or minimize run·off.
{A) shows low gradient ditches for the purpose of conducting run-off thu.t. might g-et by t he
terrace~ to protected gullies.
(J) is the vully ~e lected to ca rry the run-off from the whole
slope. It is protected by check dam ~. Gully t ll) receive~ nm-off from part. of the area but
is dammed at intervals and the water diverted to gully (1). (C) represents dams of different
des itzn and materials.
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THE BARRIER SYSTEM OF FLOOD CONTROL

L. M.

WINSOR

Chief Enginee1·-Soil E1·osion Service
U.S. D. 1.
During the last twelve years a method has been developed for the control of floods in mountain streams. It has been designated as the Barrier
System and was inaugurated as a means of removing sand and gravel from
spring freshets so that the water might be used for irrigation. In this
respect the method has been entirely successful, and it has also been applied
to the control of torrential flood .
The system is so new that it has not been fully accepted by the engineering and the geological professions generally as a safe and sure method of
controlling severe types of mud flow res ulting from heavy downpour on
a freshly denuded mountain watershed, but is considered merely as a temporary expedient. N othwithstanding this fact there is evidence that the
method is effective even in controlling the more devastating types of flood
and that with reasonable care in choosing location s and in building the
barriers, protection may be afforded against disaster even under the most
severe tests.
Outstanding examples of flood control are found at Willard, Utah, where
three severe floods and ten seasons of high water have been controlled;
at Farmington, Utah, where and and gravel have been held in check for
nine year s with one heavy torrential flood in 1925 and several minor floods;
at Mount Pleasant, Utah, where in 1929 the heaviest mud and bouldPr flow
since settlement of the area was held in control; and at Kessler Canyon
near Garfield where a mud and boulder flow of excessive volume was also
controlled. In the latter case the spillway of the barrier is eighty feet high,
this extreme height being n ecessary in order to provide the requi ite conditions for s uccessful control.
Twenty-six streams in Utah have been provided with partial or complete
systems of control, and the method has now been adopted by
evada.
Colorado and Texas where num ero us structures are in process of completion by the Civilian Conservation Corps.
The factors requisite to successful operation of a flood control barrier
are few and simple for they are based on natural principles. In the first
place it is the debris carried as well as the excessive volume of water
which causes a flood stream to leave its channel and spread destruction over
adjacent lands. Successful control, therefore, is dependent u po n the extent
to which the burden of detritu s and floating debris may be removed before
the flood reaches the area where protection is required. Floating debris
may be screened out; but mud, sand, gravel and boulders may be removed
only by ch ecking the velocity of flow. Thi. i. most readily accomplished
by providing an area over which the stream may spread. This rule is based
upon the accepted law of hydrodynamics which in essence is: "The carrying pow r of a Rtream varies as the sixth power of the velocity." As an example, if a stream that is fully laden with detritus spreads and is reduced
to half its former velocity it drops sixty-three sixty-fourths of its burden.
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This accounts for the formation of alluvial fans at the mouths of can)Yons
which example in nature has been used in developing the barrier systenn.
Selection of the Site for a Barrier
In practice a site is selected where the flood may spread beyond the confinement of the no1·mal channels . If lateral embankments arc avail:able,
as at Farmington, to define the I imit of spread, the barrier is simple and
inexpensive; but if no such site is available then an area may be sele,cted
where lateral embankments may be built as at Willard in Box Elder Coumty,
at Ford Creek, Davis Creek, Steed Creek, and Dry reek in Davis Coumty.
The barrier is built across the floodplain to connect the lateral emb:ankments. In each case a spillway is con tructed in the barri r to carry the
remnants of the flood stream back to the natural channel, after the debris
has been unloaded.
Where a natural check basin is not available a location may be chose:n at
any position on the flood plain whcl'e sufficient area is available. Smo•othness of surface and the extent of the area over which the str eam -:may
spread before being checked are factors of prime importance. In buil«ling
the lateral embankments the flood stream, particularly during period:s of
spring runoff, may be used to advantage in raising the marginal d:ikes
higher and higher. In this case a channel is provided around the oruter
margin of the basin where the flood stream may be carried. Various methods
have been employed in raising the banks of the marginal channel, the nnost
successful of which is the scraping of the deposited material to the outer
bank and the use of net wire fencing along the inner margin of the channel. This process leaves the interior of the basin for the control of exce ssive torrential floods, by virtue of the fact that the deposits from spu·ing
freshets are confined to the outCJ- rim of the basin while torrential floods
come in such volume as to cause them to overtop deflectors near the upper
end, and the force of the flood is dissipated by spreading over the smooth
surface of the interior.
In order to complete the process of unloading, the flood stream must pass
through a pool of comparatively still water. For this reason a cross bal"rier
is maintained at the lower end of the basin . A s pillway over which the
stream is returned to the natural channel. minus its burden of debris,
is constructed with cre::;t level s ufficiently high so as to form a stilling pJOol.
The area of the pool is important to the extent that a larger pool will
allow the stream to moTe completely drop its fine silt and will permit
the basin to function longer before it is completely filled with silt.
Provision is made for raising the spillway and the barrier embankments
in advance so that, where complete control is required, a stilling pooll of
adequate capacity is maintained. It is much more c>conomical to raise the
barrier and spillway from time to time than to construct them to the L<ltimate heights required far in advance. With each rise in crest level the
basin is made more effective in providing control f or floods than it "vas
before because of the fact that the inner urface becomes more nearly flat,
and the stilling pool extends further up s tream.
Under the more ideal conditions a barrier with spillway crest level siX!: to
10 feet above stream bed might provide control for spring freshets .and
even torrential floods over a pedod of many years. The length of t;ime
between necessary increases in elevation of barrier and spillway natur:ally

··
d control.
. I features of a barrier sy stem of floo
Principa
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depends upon the character and frequency of summer floods. It is, therefore, hazardous to predict how long any structure will furnish complete
control of floods and of high water. It is a fact, nevertheless, that such
protection can be provided, and that in most cases it may be secured at a
cost well within the limits of economy.
S pill ways
In developing the barier system of flood control, many types of spillway have been used. The first structures were made of timber, in the form
of rock crib wings and timber-covered aprons and crest walls. Difficulty
was experienced with these spillways because of the pot·ous condition of
the wings. Leaks developed which were checked with difficulty in some
cases.
Gradually, the rubble -concrete type of structure was evolved and has
become the standard form of spillway for flood control where rock and
concrete materials are available at 1·easonable expense. It was found that
it takes no more rock for rubble-concrete work than it does for the timber
and rock type of spillway. The concrete costs a very little more than
timber as a rule but it provides a structure with great durability and one
that will withstand the action of the mo t destructive torrential flood,
where good materials and workmanship are used.
In building such a structure, some of the standard types of masonry are
avoided and in their place certain rules are followed which have proved to
be sound and provide exceptional economy in construction. For example,
straight sand and cement mortar is never used. In fact the best practice
seems to be that of avoiding the use of mortar between rocks in the outer
faces of a wall. Instead, the boulders are placed, in such a manner that
one rock rt>sts firmly on tw others or in the space between. The reeks
are placed with the thick part of the rock to the outside with the long axis
pointing inward and inclined downward eight to 12 degrees from the horizontal. If each face is built up in this manner the middle of the wall is
always low. Concrete i then placed in the middle and spaded around the
rocks already in place. If holes of con iderable size exist in the inner part
of the wall, boulders of sufficient size may be crowded down into the fresh
concrete. By this method a solid yet elastic wall is built by using approximately one bag of cement to the cubic yard of wall, which is less than onefifth the amount required for reinforced concrete of equal strength and
with one-eighth the cost.
Spillway crests and aprons are built in a similar way to that described
for walls. The wearing portion o.f the spillway structure is made as lasting
as the rocks themselve , when the boulders are exposed rather than the
concrete.
In the author's opinion there is very little to be accomplished through
efforts to eliminate deep channels between the upper reaches of the watershed and the mouth of the canyon in mountain drainage areas which are
subject to torrential flood. The maximum volume of debris which may be deposited above a check dam is seldom very great because of the steepness
of most mountain channels and the absence of areas over which the streams
may spread. If such a site is available where the confined channel disappears and the flood flow spreads over an expanse between canyon walls
(Continued on page 37)
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SOIL EROSION CO TROL MEA URES IN THE TEN ESSEE VALLEY
FRANK 0. FONNE BECK
As istant S1~pm·intendent, T. 1'. A. Camp No. 25
.V<' I" Tu :::ewell, Tennessee
The "back to the soil" movement is on! But for those who return to till
the land again here in the Tennessee Valley, a far different prospect than
the one they left awaits them. Farms, which only a few short years ago
were rated high up on the lists of productivity, now are in the sub-marginal
stage and are threatened with abandonment. The terror of the topsoilerosion-has paid its call.
The delta of the Mississippi River i the final resting place for thousands
of these runaway farms. Countless tons of the cream of the country's fertile soil have been carried down the Tennessee River, and through the waters
of the mighty Mississippi have found their way to the sea.
A few miles to the west of Knoxville, Tennessee, there is now under construction on of the largest power-developing projects in the United States
-the Norris Dam. The power output of 90,000 kilowatts will be governmentally controlled, and will be under the supervision of the Tennessee
Valley Authority. This dam, when comp leted in 1935, will create a lake of
eighty-three square miles with a shore line of between eight and nine
hundred miles. This catchment pool will be the settling place for most of
the sediment carried by the Tennessee River, and will, of course, eventually
become silted if preventive measures are not taken.
According to figures recently made public by H. H. Bennett, chief of the
new Bureau of Soil Erosion Control in the Department of Interior, si lting
is taking place in this region at approximately one per cent a year. At
this rate, a period of one hundred years would serve to make the reservoir
valueless fo r water storage purposes.
The task of preventing the silting of the dam was found to be twofold in
accomplishments. In addition to protecting the reservoir basin, it was
keeping the farmer from losing the producing part of his land .
Twenty-five Civilian Conservation Corps erosion control camps were
established in the drainage area of the Clinch and Powell Rivers and Cove
Creek and other small streams that empty into the reservoir area of the
Norris Darn, and are being administered by the Tennessee Valley Authority, in con junction with the U. S. Forest Service and the U. S. Army
Although the greater part of the rlrainage area is on National Forest land,
some 742,000 acres have been cleared for cultivati on, and it is on this private
land that the C.C.C. camps have been established.
The work of saving the farm lands from further erosion has been h ampered by a distrust on the part of the inhabitants and showing them the
financial advantages accruing through this work has been difficult in many
cases. It has only been by the concrete example of the effectiveness of
dams on land already checked, that many of the more recalcitrant farmers
have been brought. into line. As the work progresses, however, it is viewed
more and more with favor, and soon nearly every farm in the orris Dam
water hed needful of erosion control work will have been contracted.
Because of the varying degrees of slopes on the farm lands-per cent of
slopes running from fifty to sixty in many instances-the old established
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methods of control recommended in the west, terracing and stock distribution, are fruitless. New ideas have been and are being developed, amd in
most instances, are proving successful. The Erosion Experiment Station,
at Statesville, North Carolina, has done outstanding work in this field.
Chief among the control m asures used are the log and rock dams. The
log dam where possible is co n tructed of chestnut (Castcmea clentata), oak
(Que?"Cus spp.) or other durable species. Chestnut is favored because it is
a doomed tree in this locality-the
chestnut blight (E11dothia JJa?·asitica)
having virtually resulted in it extermination-and so is far less valuable for timber and si lvicultural purposes than oak or other sp•ecies.
Aprons or spi llways may be built out
of rock or small poles, with the former preferred. The bottom log, or
mudsill, is placed well into the gully
bed. and the end s of the logs are embedded deeply in each bank. Posts are
unk to a depth equal to the lueight
of the dam, which should never e::xceed
five feet at the weir opening.
The rock dams, although much more
A Combination Log and Rock Dam.
durable than those of log, re•quire
more time in construction. The usual practice is to use logs on the steeper
slopes, ending with a permanent rock structure at the mouth of the gully.
Where a drainage area justifies the expenditure, cement mortar is used and
a rock-masonry dam constructed. Loose rock and masonry dams mruy be
built to a height of six feet at the weir opening.
All check dams are spaced so that the backwash or fill in back of one dam
will reach to the apron of the one next above. They also extend far enough
into the banks and deep enough into the bottom to prevent water from
washing out around the ends or under the structure. The weir openimg is
large enough to carry easily the water from a maximum l'Un-off. An apron
is provided in order that water coming oYer the weir will not drop at the
foot of the dam and undermine it.
In hallow washes two to three feet deep, checks of brush are used. The
brush usually consists of pine or cedar boughs, with the latter, because of
their greater durability, preferred.
In t he finger gullies-those gullies that start the deadly encroachm1ent
upon the farm-a novel method of checking their progress with bag <dams
has been devised. The bags are half filled with rich topsoil and are la.id in
place. Then a handful of grass seed is sowed within the bag, and the top
sewed Up with heavy twine. Under favorable climatic conditions, the seed
spt•outs in a very short while, and by the time the bag has rotted away, a
well-developed vegetative growth has stopped the gully from fmrther
washing.
On areas where sheet-erosion occurs and there are no well-defined guJlies,
the soil is held in place by means of brush matting. The mats, made of one
(Continued on page 36)
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Training

ational awakening in land conservation is taking definite form and is
now being attacked on a scale somewhat commensurate with its importance.
In addition to management for timber and grazing resources, our ational
Forest areas are receiving increasing consideration for recreational use;
and wild life developments of great scope are rapidly approaching. The
importance of soi l erosion control is also enjoying more public attention
than ever before.
Technically trained men are being chosen to handle these diversified land
uses which are so important from the standpoint of public benefit. The
government has already drawn heavily upon the supply of men of this type
and >vithout doubt others will be required to continue the extensive program now under way. The trend is toward specialization which demands adequate training in the many fields embrac d within forest units of varying
size and condition.
We as students attending the tah State Agricultural College are preparing to become practising agents of the public in the conservation movement. To this end it is vital that training at institutions of learning for
the fields noted should consist not only of classroom presentations but also
include a reasonable amount of field application. Developments leading
toward practical experience for ·tude ntR in the School of Forestry will be of
immeasurab le importance.
Proper training is the key to proper growth and represents therefore the
prime responsibility of those engaged in professional educational work.
- - - U . J.- - THE SCHOOL OF FORESTRY
By action of the Board of Trustees on July 1, 1933, the status of the department of forestry and range was changed by establishment of a School
of Forestry with two departments, forestry and range management. Professor E. J. Maynard is dean of the Schools of Agriculture and Forestry.
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THE UTAH FORESTERS

J. \VHITNBY FLOYD
In the history of the United States Forest Service, undoubtedly 1933
stands out as a year in which greater concern has been shown in the appreciation, development and conservation of our natural resources than any
previous pedod.
Parallel to this national awal<ening of forestry has been the increased
desire of men to acquaint themselves with the art and practice in this field.
This was indicated by the increased enrollment of forestry students at this
school during the past year with the record number of 104 registering during the winter quarter. These men came from various part of the United
States and not only increased our ranks in numbers but b1·ought new ideas
and ideals which helped make us a stronger and wiser group.
The year's activities of the Utah Foresters have been varied and successful.
The annual fall barbecue, the winter banquet and ball and the spring canyon party were all crowning social s uccesses. The semi-monthly meetings
conducted by the club were entertaining and instructive, and we feel that
the knowledge dispensed at these meetings was of unlimited value to all
foresters in the school room and in the field.
At the close of the 1933-34 chool year we again turn to the timbered
woods and grazing ranges to practice forestry and range management,
thoroughly impregnated with the principles of our profession and with an
undaunted faith that forestry has at last been recognized in our national
system as a major problem. We look forward to the ensuing years with
hop e, and increased assurance that ours is the greatest field, presenting
bigger and better opportunities for real men .
THE FALL BARBECUE
VIC SURFACE

"Come and get it!" shouted John row! and Bill Andersen in unison from
the door of the large log mess hall at the Boy Scout Camp, and 36 happy,
hungry members of the
tah Foresters, who had spent the afternoon in
outdoor, competitive sport , staged a good-natured rush for the "grub." That
the delicious, barbecued feast prepared by 'John and Bill "hit the spot" is
proved by the fact that any Forester present at the third annual barbecue
on Saturday afternoon, October 14, will tell you that their cooking just
can't be beaten.
Upon arrival of the group at the camp, a ball and bat were produced,
and all present, including "T. G." and "Paul", engaged in a lively round of
the great American game. Soon the races and field events were ready to
start. Each class then went into a huddle to choose their best men for
each event.
The day was brought to a close with a jolly "bull session," with Eill Andersen in charge.
- - - - U . J.- - - Two of the foresters recently joined the ranks of the benedicts. Whitney
Floyd and Virginia Payne of Burley were married in Salt Lake City, May
14, while Waine Larson and Afton Ewer of Logan were married in Logan,
May 18.
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THE FORESTERS' BANQUET
WALTER If ANSON
The sixth annual banquet of the Utah Foreste1·s, held at the Bluebird on
the evening o( January 26, was the paramount occasion of the season's social
events. Seventy-one men attended, including U. S. Forest Service official">
from the Regional office at Ogden, Cache National Forest officers, members
of the U. S. A. C. faculty including President E. G. Peterson, a representative group from the Weber College Fore ·try Club, and students in Forestry
and Range at the Utah State Agricultural College.
Whitney Floyd as toastmaster, officially opened the banquet with a speech
of welcome, after which several of the guests responded to toasts.
President Peterson was the principal speaker of the evening. He told
of the developments leading to the establishment of the School of Forestry
at the Coll ege and emphasized the fact that the fields of Forestry and Range
Management offer opportunities for public service. Men trained in this
work should realize the distinct benefits that they can confer upon the
public by handling these resources for the best interests of the future as
well as the present citizens.
Other features of the program were: musical numbers by Sheldon Bell and
Vic Surface, artists with the accordion and the steel guitar; "Trees" sung
by Elmo Miller; a rendition of the Club song "Rollicking Rangers" by the
quartet, Whitney Floyd, Elmo Packer, larence Thornock, and John row!;
and humorous readings by Scott Passey.
Immediately following the banquet, the guests and club members enjoyed informal dancing with their pardners. At intermission, Ted Neilson,
Aggie student, demonstrated his ability as a fancy rope-twirler. The hall
was decorated with evergreen trees, which gave the proper atmosphere to
the occasion.
----U.J.----

THE ANNUAL PARTY
The annual spring dance, held at the College In stitute on March 30, was
one of the successful features of the year's activities and it was readily
admitted as such by all the Foresters and guests present.
The hall was appropriately decorated with green which added to the
occasion. Added attractions of the evening were the two pretty waitresses
(and incidentally the drinks), so it will be admitted that nothing was lacking in the choice of either. It is understood that several of the boys have
decided to let "Whit" make their dates from now on.
During the intermission several Club members, assisted by their talented
pardners, gave a s hort musical program.
- - - U.J.- - SENIORS
The 1934 graduating class from the College includes the following men
from the School of Forestry: Leland Carlson, Logan; Milton Sill, Logan;
Gordon Van Buren, Ogden; and Clark Anderson, Provo.
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A MOUNTAIN DRAMA
ANTON G. WINKEL
Tom and I left the Summit Ranger station and rode slowly up to the
slope where we were building a drift fence. It was a cool, October morning
and the early frost sparkled in the sunlight. Suddenly I was aware of the
sharp barking of a coyote, and my companion rema1·ked quietly, "That fellow must have something cornered."
To the untrained listener that sharp bark would have sounded similar
to the yelping that awakens one in the middle of the night with a sudden
feeling of oppression and loneliness, and yet with a realization that it is
an expression of freedom. But my fellow horseman whose hearing had been
trained to the sounds of the mountains by years of experience, unconsciously
1:ecognized another meaning.
All through the forenoon while we exerted our muscles by digging postholes in the rocky soil, I kept listening, hoping I would hear or see something that would increase my limited knowledge of the customs Of nature.
I could not help envying the rough, hard-working man, who labored beside me, o£ his rare training, that is taught only by the impartial ways of
nature.
My dog, too, while chasing about through the brush, would top suddenly
and look toward the canyon when he heard an occasional yelp. After a
while I realized the dog was not around any more, and I did not know
whether he had return d to the station or had gone to investigate .
.Just as we were beginning to think more about our lunches than postholes, my vigilance was rewarded in an unexpected way. Around the
top of a rolling knoll came a two-year-old doe, bounding with her head
held high, her nostrils dilated, and every muscle taut with fear. She scarcely seemed to touch the ground, as she leaped away from some impending
danger.
She had hardly di sappeared over the next hill when a young coyote came
i11to view, sly and confident, his nose to the ground and his slender body
moving like a smooth, grey streak along the trail of the deer.
As the coyote slipped from our sight, leaving a feeling of emptiness,
my dog came sniffing along the trail. His stout, square body moved
clumsily compared with his wild brother, and he whined with anxiety when
he was on the scent and with frenzied disappointment when he lost it. He,
also, finally disappeared and all was quiet. My companion turned with
a grin. "Almost like a tense drama with a comic ending," he said quietly.
- - - -U . J . - - - RANGE DETAIL
A special Forest ·Service detail from the six western regions to Washington, D. C., January to April, for preparation of a publication on western
range plants, included three U. S. A. C. men: A. R. Standing from Region
4, Odell Julander from Region 3, and E. P. Cliff from Region 6.
---U.J.--In 1932, the National Forests in -qtah, furnished sport for 19,470 big
game hunters and 35,000 fishermen.
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COLLEGE ALUMNI IN FORESTRY AN D RANGE

Ernest Winkler, Ass't. Regional Forester
Ogden, Utah
James T. Jardine, '05, Chief
Office of Exp. Stations, U. S.D. A., Washington, D. C.
C. E. F leming, '09, Prof. of Range Mgt.,
University of Nevada, Reno
Alfred E. Aldous, '10, Prof. of Pasture Mgt.,
Kansas State Agric. College, Manhattan
J. L. Peterson, '11, Decea!;ed 1933 (Formerly Range Examiner, Baker, Ore.)
Dr. George Stewart, '13, Senior Ecologist
I.F.R. Exp. Sta., Ogden, Utah
J. Q. Peterson, '16,
. S. Geological Survey, Los Angeles, Calif.
U.S.A.C., Logan, Utah
R. J. Becraft, '17 , A soc. Prof. of Rang Mgt.,
C. J . Olsen, Forest Supervi or
Ely, evada
Q. David Hansen, Forest Ranger
Jarbridge. evada
S. Cooper Smith, '25, Technical Ass't.,
Porterville, Calif.
Moab, Utah
A. J. Wagstaff, '26, Forest Ranger
H. H. Price, '27, Forest Ranger
Logan, Utah
Melvin Burke, '28, J.R.E .,
Portland, Oregon
Ivan hri sten sen, '29, Forest Ranger
Monticello, Utah
Jos. D. Cummings, '29,
Klamath Agency, Oregon
Wesley Kel l r, '29,
I.F.R. Exp. Sta., Ogden, Utah
Arnold R. Standing, '29, Assoc. Range Examiner
Ogden, Utah
S. Bryson Cook, '31, Forest Ranger
Mink Creek, Idaho
DEPARTMENT AL MNI

1930
Adelbert Fausett, F. R.
J. Deloy Han sen, F. R.

Minnelusa, Calif.
Escalante, . Utah

1931
Upper Lake, Calif.
Val I. Bentley, J. F.
Portland, Oregon.
Edward P. Cliff, J.R.E.
WiLford L. Hansen, J. F., and Instructor in Forest Recreation
U.S.A.C., Logan, Utah
Navajo Exp. Sta., Gallup, New Mexico
Courtland P. Starr
C. F. Exp. Sta., Berkeley, Calif.
Marriner Swenson, J. F.,
1932
Owen Despain, J.R.E.
Dean A. Ea1·l, C.C.C. Camp F17N
Jame L. Jacobs, F.G.
Odell Julander, J.R.E.
Dale Schott, Forester, Waterworks Dept.
Alvin Steed, J .F.

Kama, Utah
Capitan, cw Mexico
Mackay, Idaho
Kanab, Utah
Salt Lake City
I.F.R. Exp. Sta., Duboi , Idaho

1933
.R.M.F. Exp. Sta. Missoula, Montana
Walter Astle, J.R.E.
Frank 0. Fonnesbeck, Ass't. Erosion Engineer, T.V.A.
Cumberland Gap, Tenn.
I.F.R. Exp. Sta., Ogden, Utah
Wallace M. Johnson, J .R.E .
Kanab, Utah
Charles C. Michaels, A.T.
Missoula, Montana
Clarence Tho mock, A.T . ..
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the land does s upport h elps to retain some soil and the loss of that vegetation contributes just that much t o accelerated erosion. Altho ugh a large
part of erosion is assignable to natural forces this Joe~ 110t minimize b u t
instead emphasizes the need of m aintaining the best po sible p lant cover.
Moreover, it is t oo often the tendency to view the value of plant cover in
the lig ht of its present condition rather than a s it was when white man fiTst
came into the coun try. Vast areas foTmerly supported a much heavier
stand of vegetation than at present but it has been greatly depleted by
overgrazing and fire and is no l on ger as effective as it was in protecting
the soil.
Still another question which sometimes confuses the iss ue relates to the
value of erosion as opposed to the damage it does . There are some who
contend that since products of erosion have played a major role in the
formation of our best soils, er osion in part is beneficial and therefore that
one man's loss is a n othe1· man's gain. To a limited extent this is true. A
few areas that in modern times were swamps or marshes which r ecently
have become good tillable land because of f illing with silt may be cited in
s upport of this contention. The flooding of r ive r bottoms a lso und oubtedly
adds to the fertility of the soil in many instances. Against these occasional
b enefits must be weighed the dama ge which in other cases has been done
by deposition of coarse or infertile debris on good land and that done to
the land from which material has been washed. On the whole the damage
by erosion in the United States has been many times greater than the
benefit to overflowed lands. It i s doubtful that there are any place where
it can be shown that society will be ben efit ed by the practice of accelerating erosion in one locality to improve the soil in another. Soil formation
or imp1·ovement by ei·os ion on the whole, is a process requh·ing ages rather
than years. The few places where accelerated erosion can be employed to
advantage should be picked with great care and precision.
Finally there is the theory sometimes advanced that accelerated erosion
is a pri ce necessary to be paid for deriving human sustentation from the
soil. In other words, exploitation of the land is necessary to man's existence. If this is true, how is it that in many of the foreign countries
where the same land has been cultivated since time immemorial, the original
fertility of the soil has been maintained or even improved? There is no
doubt that exploitation of the soil will produce a larger profit over a short
period, but there appears to be no place in national economy for practices
which will permanently impair an otherwise Tenewable resource which is
n eeded for the future.
o species of plant or animal has long continued in
existence that did not adjus t itself to the environment. There is no reason
to believe that the human species is an exception to that rule. Man must
learn to maintain the conditions essential to his living or he will perish.
It seems evident that we Americans as a people have a long way to go
in becoming sufficiently erosion-minded to safeguard the soil resources.
Before we will do so we must change our mode of thinking. We mus t wake
up to the fact that the wilderness is subdued and begin to think in terms
of conserving what we have. Permanency, instead of being satisfied with
th e thought of being h ere today and gone tomorrow, should be the rule.
We have yet to realize that the soil is a resource not to be exploited but
is one to be husbanded for use tomorrow as we11 a s for today. The many
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differences of opm10n regarding the reality of acceleratecl erosion have
stimulated study of the problem but at the same time have tended to retard a wide public 1·ecognition. These differences in the main are due to
the wide variety of conditions to be met and t conclusion based on observations of limited phases of the problem. This situation points to the
need for much deeper and more thorough study of the subject to determine
what should be done and what must not be done in utilizing and conserving
the oil for each of the wide var iety of conditions to be dealt with. The
recent public eC.forts in solving the erosion problem will be directly beneficial to extensive areas of land but their greatest value will be in stimulating
thought and action by the land owner. The problem wi ll be adequately
met only when the land owner himself sees the problem and learns to cope
with it in his use of the land, and when economic conditions are modified
so as to encourage him to care for the land in a manner to conserve the soil.
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(Continued from page 28)

layer of fine and one layer of coarse material, are held firmly against the
soil with wire wire and stakes. Grass seed is sown under the mat, so that by
the time the matting is decomposed, a plot of grass is well established.
As the dams serve their purpose and become silted over, the gully banks
are sloped in and the whole seeded over. In this manner, the soil is held
from further washing and the erosion problem is solved. In addition to the
grass seed, plantings of rapid-growing, thrifty trees are made. Black locust
(Robinia JJSeudo-acacia), being a nitrogen-furnishing legume as well as
having other qualities, ranks well in the lead for this use.
Torrential rains during the winter and spring months do much towards
abetting the soil erosion. However, this factor is not the important one on
land where but very little drainage area produces gullies of increditble
size. Here the principal problem to contend with is frost action. A temperature that fluctuates greatly from one day to another causes a much greater
soil loss than does a heavy downpour of rain. Personal observation has
shown as much as one inch of porous soil on a gully bank to become dislodged over night through freezing and thawing.
The erosion problem is truly one of gigantic proportions. Only a small
beginning has been made, but the work already accomplished has shown
beneficial results almost immediately, and is proving daily the value of the
attempted control measures.
The country is fast becoming forestry-minded, and, as a part of the
afforestation and reforestation movement, erosion control \vill play a significant role.
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it may be consistently used to good advantage at relatively low cost by
building a barrier across the lower end of the broadened area. Such a
structure may be raised from decade to decade as needed, but experience
indicates that the length of effective contt·ol is much longer than may at
first be expected. The first batrier that was constructed in Utah is in Salt
Creek Canyon above Nephi. The pillway in this structure was built seven
feet above t he streambed. The structure has held back the floods and gravel
from h igh water for eleven seasons and has cost nothing for maintenance
dur ing t h at time.
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ditches were partitioned with loose dirt at intervals of 10 to 15 feet, so
that if one part broke the whole ditch would not drain. Gradient ditches
were also used in conjunction with the contour ditches to carry certain
gullies, properly check-dammed to receive it, the run-off that might escape
the terraces.
The terraces or contour ditches were omitted and gradient ditches only,
were constructed on some of the slopes. These gradient ditches when built
on a hillside, must be planned with care. If they have too great a fall, the
run-off that collects in them will erode and defeat the purpose of the
ditch. If they are constructed at too low gradient, they will soon be filled
by silt. Here again experience is expected to furnish valuable data.
Pl·oper check-damming to control the gullies constitutes one of the primary phases in the erosion control program. Since soil erosion takes place

(Courtesy of tho A nwric-.n Tree Assoc'.atioon.)
Check dam with "drops" nearing completion, to prevent further erosion by headwart ewtting.

to a great extent by the process of lengthening and widening of the glllllies,
several methods were employed to limit and regulate the run-off in them.
Where slopes or basins were drained by a number of newly forme gmllies
it was, in most cases, found advisable to completely dam the run-off from
most of the gullies and to ditch it to a selected channel which v.-as protected from further erosion by proper check dams and revetment3. This
method required less time and materials than was necessary for ad~qu:ately
checking each gully.
(Continued on page 40)
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The check dams constructed on the watersheds may be classified roughly
under three groups as determined by the primary purpose each was to
serve. One group included dams built for the purpose of checking erosion
at the heads of gullies, preventing their further headward development
and at those places along the channel where drops or abrupt changes in
gradient occurred and deepening· due to the recession of the falls up channel
was most active. The dams were built, primarily, to act as spillways or
drops and thus afford places where the water would be let down over a
fall or a steep gradient in a protected channel and thus prevent the active
erosion which otherwise takes place at such places.
In addition to spillways at points of headward cutting, it was often found
desirable in long gullies to build checks at intervals along the channels to
prevent further deepening and widening of the gullies. These structures
consisted of a strong spillway of the desired height with an apron and side
walls.
A third type of dam included those built for the purpose of checking
gullies or washes which have cut through and al'e tlt·aining small meadows
and basins, and which if properly built, will serve to form a silt catchment
basin. This type of dam is practical only on slopes of low gradient, such
as are characteristic of mountain meadows and basins. The darns were
constructed at the lower end of the meadows or basin and raised at least
to the former height of the stream bank. Under some conditions the dam
may be raised several feet above the original stream bank, with wing-walls
to direct the water to the spillway, and thus increase the silt capacity of
the basin. It was often possible to select the location of the dams to include more than one erosion channel. Even though the darn required at
this location might be fairly large, it was found cheaper than to build
separate darns in each of the converging channels.
It must continually be kept in mind that check dams on watersheds are
essentially for the purpose of arresting erosion rather than for toring
flood water or silt. In the fir t place, due to the steepness of the gradient,
under most conditions, the amount of debris that can be stored back of
check dams is very small and further, the debris that reaches the main
channel can, in most cases, be taken care of more cheaply and effectively
on the cones at the mouths of the canyons. Secondly, the size of the dam
that would be necessary for impounding water and storing an appreciable
amount of debris presents a danger which in mo i cases overshadows any
benefits that might be derived from them. The breaking of a dam with
a considerable storage capacity might in itself cau e a :flood. Consequently
large dams are believed to have no place in erosion control works on the
steep watersheds such as occur in the Wasatch Mountains.
All of the artificial erosion control structures built on steep sloping
watersheds at best must be considered but supplemental and temporary.
The only lasting erosion control measures are to be found in land utilization
and management that will resto1·e and maintain a suitable plant cover. If
a program of rehabilitation and protection of the plant cover is not soon
undertaken as a part of any erosion control program, the terraces and
ditches will fill with silt and the dams will be destroyed by erosion and
debris.
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The production of fine printing requires understandi01g
and experience; workers skilled in their crafts; materials of
fitting quality and adequate plant facilities.
This year of 1934 is our twenty-eighth under our present
management and ownership, and during these years we
have constantly improved our capacity to serve our patrons.
We solicit an opportunity to consult with, and quote, all
those planning to issue fine books, school annuals and
other high grade publications. Please remember, however,
that we also do all grades of commercial printing. Our
prices are always based on careful estimates and careful
cost finding.
The outfitting of offices is an important feature of un
business. In our Office Equipment Store we display, in the
latest styles and finishes, office furniture of all kinds in
both steel and wood. Visitors are always welcome and
under no obligation to buy.
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